SUMMARY Secretion of bile salts into the duodenum was studied in eight normal subjects, in 10 patients with cirrhosis, and in two cholecystectomized subjects. Duodenal juice was aspirated continuously through a double-lumen tube during an unstimulated period, after an intravenous injection of pancreozyminlcholecystokinin, and during a continuous intravenous infusion of secretin given at a rate of 3 units per kilogram body weight per hour. Precautions were taken to try to ensure quantitative recovery during the studies, and recovery of an infused nonabsorbable marker was greater than 80% in all subjects.
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Secretin induced a flow of a greater volume of juice in the cirrhotic patients than in the normal group (49 to 57 ml per 10 minutes compared with 28 to 49 ml per 10 minutes). This change may have resulted from a higher effective dose of secretin if it is assumed that the cirrhotic liver fails to catabolize secretin.
The bile acid response to pancreozymin/cholecystokinin followed by secretin in the cirrhotic subjects resembled that seen in patients after cholecystectomy in whom pancreozymin/ cholecystokinin induces only a slight increase in bile salt output but in whom the output of bile salts during rest and secretin stimulation is markedly greater than normal. This response in cirrhosis is probably best interpreted as due to impaired function of the gallbladder. The total amount of bile salt liberated over the two hours of the test in the cirrhotic patients was similar to normal The concentration of bile salt after pancreozymin/cholecystokinin was less than in normal subjects, but similar to that in cholecystectomized patients. It is unlikely therefore that deficient output or concentration of bile salt can be held responsible for steatorrhea in cirrhosis.
There was a marked decrease in the deoxycholate conjugates and a reduction in the glycine: taurine ratio in the bile of cirrhotic patients. The former change may reflect a change in bacterial flora and the latter a defect in hepatic conjugating mechanisms. (Gross, Comfort, Wollaeger, and Power, 1950a) , but, althoughsome information is available on qualitative changes (Ekdahl, 1958; Sandberg, Sjovall, Sjovall, and Turner, 1965; Carey, 1958; Sjbvall, 1960 ) and on turnover rates and size of the bile salt pool (Blum and Spritz, 1966) (1964) . The enzyme 3o£hydroxysteroid dehydrogenase oxidizes all the major bile salts at the 3ac0H group and liberates one mole of H+ from each mole of bile salt. The H+ produced may be measured by the spectrophotometric determination of NADH formed from NAD.
Of bile extract diluted between 1 and 100 times in ethanol according to the bile salt concentration, 0.1 ml was mixed with 0-6 ml of 01 M pyrophosphate buffer, pH 10.8, 0.5 ml of 0.005 M NAD, and 0.3 ml of a solution of the enzyme 3 hydroxysteroid dehydrogenase prepared from the freeze-dried organism Pseudomonas testosteronii2 containing 10 mg of the unpurified material per millilitre. After 40 minutes' incubation at 26°C the amount of NADH produced was measured at 340 m,u in 1 cm microcells in a Zeiss spectrophotometer and the amount of bile salt calculated from the formula 6 22 ,gmoles, where A is the measured extinction of NADH at 340 m,u and 6-22 x 106 is its molar extinction. Bile salts were separated by thin-layer chromatography in the solvent systems I and II of Hofmann (1962) before and after alkali hydrolysis at 110°C for 18 hours. After detection by spraying with iodine, bile salt spots were marked out, iodine was removed by sublimation, and the spots scraped off and agitated with 1.4 ml pyrophosphate buffer. After centrifugation, 0.7 ml of supernatant was used in the further enzymatic determination of each bile salt (Turnberg and Anthony-Mote, 1969).
Polyethylene glycol was measured by the turbidometric method of Hyden (1956) , and faecal fat by the method of van de Kamer, ten Bokkel Huinink, and Weyers (1949) .
Results
The volume of duodenal juice recovered was higher in the cirrhotic group than in the normal subjects in all but one of the 10-minute collection periods (Figure 1) . Thedifferencebetweenthemean values was statistically significant at, or greater than, the 5% level in the second resting period, the second post-pancreozymin period, and in most of the periods during secretin infusion. The mean volumes during secretin stimulation were 28 to 49 ml per 10 minutes in the normal group and 49 to 57 per 10 minutes in the cirrhotic patients. The peak output after pancreozymin occurred promptly during the first 10 minutes in the normal group but was delayed until the second 10 minutes in the cirrhotic patients (Fig. 1 in the second and third 10-minute periods after some figures injection. After secretin the juice produced was almost colourless and bile salt outputs were low, mean values being 7 to 12 ,umoles per 10 minutes (Figure 2 ). In the cirrhotic group the mean resting outputs of bile salts were higher than in any of the normal iecretin subjects, ranging from 98 to 140 jurmoles per 10 minutes, but the difference was not statistically significant (0.05 < p < 0.1). The mean output in the first 10 minutes after pancreozymin/ cholecystokinin was 830 ,umoles, which is less than the normal mean but not significantly so (0-05 < p < 0.1). In each subject the specimens of duodenal juice with the greatest concentrations of bile salts were chromatographed on silica gel thin layers, before and after alkali hydrolysis, as described in the Methods section and individual bile salts were estimated. In the unhydrolysed specimens there were no significant concentrations of deconjugated bile salts or lithocholic acid or its conjugates in any subject.
Estimates of the amounts of bile salts conjugated with taurine and glycine showed the glycine : taurine ratio to be 3:1 in the normal group while in the cirrhotic patients the ratio was changed to 1:1 and in some subjects was actually reversed (Table III) . The increase in the proportion of taurine conjugates was most marked in the patients with the most active hepatocellular disease, as judged clinically and biochemically.
Ratios of the trihydroxy to dihydroxy bile salts were similar in both groups and were approximately 2:3.
As the taurine conjugated forms of chenodeoxy and deoxycholic acid run together as do the glycine conjugates of these salts on thin-layer chromatograms in most solvents, it was necessary to hydrolyse them first to distinguish the two dihydroxy acids. While in the normal group the ratio of chenodeoxy to deoxycholic acid was 6-4 :3-6 it was markedly different in the cirrhotic patients. In several of these subjects deoxycholic acid could not be detected (Fig. 6 ) and in others it was present in very small amounts. Ani average ratio of 19:1 was obtained for chenodeoxy to deoxycholic acid (Table III) duodenal contents renders analysis difficult and introduces errors in quantitative assays. Secretin was used in the present studies, although it probably stimulates secretion of only that portion of bile produced by the ducts and ductules and not that secreted form parenchymal cells into the cannaliculi (Wheeler, 1965 , Forker, 1967 The changes in volume found in this study in cirrhosis are similar to those described by Gross et al, (1950b) who also noted that patients with cirrhosis produced obviously bile-stained juice in response to secretin as do patients after cholecystectomy (Dreiling, 1950) .
While the changes in bile salts described here are clearly related to altered hepatic and biliary function, interpretation of the changes in volume are complicated by the possibility that they could equally arise from the pancreas and liver. Possible explanations are as follows.
If the liver were responsible normally for degradation and inactivation of secretin and if this function were impaired in cirrhosis, then the result of a given dose of injected secretin would be a greater effective stimulus in cirrhosis than in normal subjects where normal breakdown reduces its effect. At doses which exert submaximal effects this would tend to show as an increased volume of bile and pancreatic juice in cirrhosis. Alternatively, the high output may not be due to a high effective secretin dose, but to a change in response of either the biliary tree or the pancreas to secretin. This problem was not resolved in these studies, and, although the first hypothesis is attractive, the second cannot be discounted.
The pattern of bile salt secretion in response to the stimuli applied in this particular test was clearly different in the patients with liver disease. The response to pancreozymin/cholecystokinin was reduced, suggesting that gallbladder function is impaired in cirrhosis, as evidenced by a poor concentrating capacity and a delayed contraction. There is little direct evidence regarding gallbladder function in cirrhosis, but it is a common clinical experience to be unable to outline the gallbladder radiologically in cirrhosis, and this is usually attributed to impaired hepatocellular function (Cuniff, Dolan, and Leevy, 1953) . It is possible, however, that it is malfunction of the gallbladder itself which is responsible. The higher concentrations and outputs during the resting and secretin periods in the cirrhotic group resembles that seen in the cholecystectomized subjects and suggests that it may be the absence or poor function of the gallbladder which is responsible for higher outputs during stimulation with secretin. One explanation for these higher values may be that as a smaller proportion of the bile salt pool is retained in the gallbladder, a greater proportion is left free in the enterohepatic circulation, and, if the enterohepatic pool size is normal, a higher than normal concentration will be present in hepatic bile. On this hypothesis the finding of increased outputs during rest and during stimulation with secretin is seen as a natural consequence of impaired gallbladder function. Implicit in this suggestion is that the enterohepatic circulation time for bile salts is shortened in the absence of delay in the gallbladder.
It is interesting that, despite the reduced output of bile salt after gallbladder stimulation, the increased output during stimulation with secretin tended to compensate for this so that the total output for the two hours of the test was similar in the control and cirrhotic groups.
Analysis of individual bile salts revealed definite changes from normal, and similar disturbances had been noted by Sjovall (1960) . He showed that in patients with obstructive jaundice and in six patients with cirrhosis, samples of bile obtained from the duodenum contained a reduced glycine: taurine ratio and a decreased concentration of deoxycholate conjugates as noted in the present investigation. The cause of the changes in glycine: taurine conjugation ratio is unclear, but it has been shown in vitro that liver biopsy specimens from patients with cirrhosis conjugate more cholic acid with glycine than with taurine (Ekdahl, 1958) . Similar findings were obtained in obstructive jaundice. The low concentration of deoxycholate conjugates is a surprising finding, as this is a secondary bile acid formed from cholate by bacterial activity within the bowel. The low levels suggest that there may be a change in the bacterial flora of the gut in cirrhosis, possibly with a reduced number of dehydrogenating organisms. This effect could be achieved by the oral administration of broadspectrum antibiotics and it is unclear whether this therapy had been given to Sjovall's cirrhotic patients. However, no patient had received antibiotics in the present study, apart from the two patients who had been given neomycin, and the reduced deoxycholate concentration was not limited to these two subjects. It is possible that the bacterial flora was changed in these patients even in the absence of antibiotic therapy. Less likely explanations for the reduced deoxycholate concentration are an impaired absorption of this specific bile acid or a more rapid rehydroxylation of deoxycholate to cholate in the cirrhotic liver. Despite the reduced deoxycholate conjugate output the ratio of trihydroxy :dihydroxy bile salts remained normal, suggesting that there was a relative increase in chenodeoxycholate production or decrease in cholate production. The trihydroxy:dihydroxy ratio of 37:63 is similar to the finding of Carey (1958) , who noted an increased ratio in the plasma of patients with obstructive jaundice but a ratio of less than 1 in hepatocellular disease. The difference may be due to an impaired hydroxylation mechanism in the more severely impaired parenchyma of the cirrhotic, resulting in a relatively reduced cholate output.
It has been suggested that lithocholic acid may have aetiological significance in cirrhosis (Carey, Wilson, Zaki, and Hanson, 1966) , but no evidence of abnormal amounts in the bile was found in these subjects and unconjugated bile salts were not found in excess.
Thus, this analysis of bile salts liberated into the duodenum has revealed a pattern suggestive of gallbladder malfunction, which might explain the frequent failure of cholecystography in cirrhosis (Cuniff et al, 1953) but does not provide an adequate explanation for steatorrhoea in these patients. The total output of bile salt was not diminished for the two-hour test period and the concentration achieved in the duodenum was not less than that found in cholecystectomized subjects who do not appear to have steatorrhoea. Although only three of the cirrhotic patients excreted more than 7 0 g of fat per day, and only one of these excreted an obviously excessive amount, none of them had a clear-cut deficiency of bile salts. The values for bile salt output and concentration in the single patient excreting 15-3 g of fat per day were similar to the mean values for the group as a whole.
The stimuli employed in the present study are not entirely physiological and it remains possible that stimulation by food may yield a relatively inadequate bile salt output but this possibility was not tested in the present investigation.
It seems unlikely that a decreased glycine: taurine ratio or a diminished deoxycholate output alone could lead to steatorrhoea.
Consideration of other factors which might produce steatorrhoea has usually been unhelpful. Small intestinal biopsies are usually normal in cirrhosis (Baraona, Orrego, Fernandez, Amenabar, Maldonado, Tag, and Salinas, 1962) , and, although Gross et al (1950b) found a slightly reduced pancreatic lipase output in such patients, this change was small. No clear explanation for the steatorrhoea has emerged and it may be that several mild abnormalitieswhichindividually are not sufficient to give rise to fat malabsorption may do so when combined with each other.
